






































I) Type I diabetesis usuallydiagnosedin childrenandyoungadults,andwaspreviously
knownasjuvenilediabetes.In typeI diabetes,thebodydoesnotproduceinsulin.Insulin




2) Type2 diabetes(alsocalledadult-onsetor noninsulin-dependent)diabetesresults
whenthebodydoesn'tproducenoughinsulinand/oris unabletouseinsulinproperly
(insulinresistance).Thisfonnofdiabetesusuallyoccursinpeoplewhoareover40years
of age,overweight,andhavea familyhistoryof diabetes.It is increasinglycommon
todayforType2 diabetestooccurin youngerpeople,evenadolescents.Type2 diabetes





diabetesaffectsabout4% of all pregnantwomen- about135,000casesof gestational
diabetesin theUnitedStateseachyear.Thecauseof gestationaldiabetesi notknown
but seemssimilarto TypeII diabeteswherepregnancyinducesa levelof insulin
resistance.
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Insulin: Diabetesi mainlycausedbytheabsoluteorrelativedeficiencyof insulin.
Insulinis a rathersmallprotein,witha molecularweightof about6,000daltons.It is
composedof twopeptidechainsreferredtoastheA andB chains.A andB chainsare
linkedtogetherbytwodisulfidebonds,andanadditionaldisulfidebondis formedwithin
theA chain.In mostspecies,theA chainconsistsof 21aminoacidsandtheB chainof
30aminoacids.
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24hours.It is usuallyusedin combinationwitha fastactinginsulinsuchasHumalog@
orregularinsulin.
~ Humalog If.~,~jRegular(veryfast) ,\,' (fast) DNPH/Lente[IJ]]Ultralente(slow) (veryslow)
~. - "'-',"'::'- I
lam 12pm 1pm 12am lam
Insulinis thusindeedoneprovenmedicinethatcannormalizebloodglucoseinvirtually




Humalog 15min. 1/2-1 1/2hrs 3-5hrs
Regular 1/2hr 2-4hrs 6-8hrs
NPH,Lente 1-3hrs 6-12hrs 18-24hrs
Ultralente approx.4-8hrs 12-18hrs approx.24-28hrs
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fromthegut in responseto thepresenceof food.It existsin two principalmajor
molecularforms,asGLP-1(7-36)amideandGLP-1(7-37)acid.Thepeptidewasfirst
identifiedintheearly1980sinthecourseofcloningthegenesforprog1ucagon5.
Initialstudiesof GLP-1 biologicalactivityin themid 1980sutilizedthefull length
amino-terminalextendedformsof GLP-1 (1-37and1-36amide).TheselargerGLP-1
moleculeswere generallydevoid of biological activity.In 1987,threeindependent
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researchgroupsdemonstratedthatremovalof the first six aminoacidsresultedin a
shorterversionof theGLP-I moleculewithsubstantiallyenhancedbiologicalactivity.










An importantlocusfor regulationof GLP-I biologicalactivityis theN-terminal
degradationof thepeptidebyDipeptidylPeptidase(DPP-IV)-mediatedcleavageatthe
position2 alanine4,5.Rapidremovalof theN-terminaldipeptide,His7-Ala8,by the
ubiquitousenzymedipeptidylpeptidaseIV (DPP IV) curtailsthebiologicalactivityof
























The biologicalactivitiesof GLP-l includestimulationof glucose-dependentinsulin
secretionandinsulinbiosynthesis,nhibitionofglucagonsecretionandgastricemptying,
andinhibitionof foodintake.TheN-terrninalhistidineofglucagon-likepeptide(GLP-l)
andof exendin-4havebeenshownto becriticalfor theactivationof thepancreatic
receptor(GLP-IR). Previousaminoacidsubstitutionsof thishistidinewithlysineand
withalaninehavebeenreportedtoresultinalossofactivityinthepeptide3,4,8.Henceit is




suggestshataugmentingGLP-l signalingis ausefulstrategyfortreatmentof diabetic
patients.
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Human Glucagon Like Incretin Peptide (7-37)-OH
7 10 15 20
Oxyntomodulin: Oxyntomodulins a 37 aminoacidpeptidethatcontainsthe29
aminoacid sequenceof glucagonsfollowedby an 8 aminoacidcarboxy-tenninal
extension6.




administrationarewell establishedandincludea limit on molecularsize,hydrogen
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bondingpotentialandadequatelipophilicity.Theprodrugthatwe aretryingto make
howeverhascertainadditionalcharacteristics.By modifyingour peptide,we shall
appropriatelyextenditsbiologicalhalflifeandthusimproveitspharmacodynamics.
Formanydrugtargets,yntheticstrategiescanbedevisedtobalancethephysicochemical


































































Hypothesis (A Diabetic Panacea): Webelievethatbymakingappropriate
chemicalchangesin theterminalendsof GLP-I it shouldbepossibleto improvethe
pharmacodynamicsandthusthepharmacologyofthepeptidehormone.
Wehavesetourobjectivesin thisC500projectastheidentificationof aGLP-I analog
thatis physicallyandchemicallystable,whilebeingpharmacologicallysustainedin its
durationof action.Furthermore,we desiretheanalogto possessminimalnon-native
aminoacidsequenceasameanstoeliminateadverseimmuneresponse.












numberof pointswherestructurecanbe appropriatelyalteredto refinetherateof
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fonnationwithreleaseof thenativehonnone.It is possiblethatalternativesto thenative
N-tenninalhistidinewill berequiredtoachieveproperreversibilitytoafully active
GLP-l.
In simplewords,we proposeto makea prodrugthatwill slowly convertto theparent
drugatbodypH 7.2.Thusthephannacodynamicsof thedrugwill bemuchimproved.
WerelyonthepH for thisasthenwewill nothavetobedependentonanyspecific
enzyme.Wealsoproposetoincreasethehalflifeof thedrugsothatit is presentfora
longertimeinvivo.Lastly,weneedtoslowtherateof invivoclearanceofanotherwise
. .




optImIze pro- rug pegy atlOn. ' ,
Gettingdownto thespecifics,asdescribedbeforeoxyntomodulins a 37 aminoacid




potencyof thesetwo peptidesaresimilar.The tablebelowprovidesreferencefor
I . 3413structura companson" .
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Structure-ActivityofGLP-l












Elelldln4.Dartarmsrepresentsrnglon&ofhotOOlogy.Position numbers refertot!1enGmew:!atul'tusedforOLP.l (position7COl'retpondtt4
position1oftheotherpeptides).
It seemsreasonableto hypothesizethatthelasteightaminoacidsof oxyntomodulincan
beaddedtothecarboxylendof GLP-l (sinceit is sosimilartoglucagon)toformanew
bioactivepeptide(GLP-oxyntomodulin).Additionally,thischimericpeptidewill provide
alternativesitesfor carboxy-terminaloptimizationof GLIP-l performance.Dipeptides
can be addedto the amino-terminusto investigatedifferentialtendenciesfor
intramolecularcyc1ization(diketopiperazineformation)andreleaseoftheparentdrug.
In suchaninvestigationreportedwithcyc1osporine-Aprodrugs14,15,it hasbeenseenthat











DKPs, we madea smallermodelpeptideGLP (7-15).This approachshouldsavetime
andis expectedtobelesscumbersome.Thefourchemicalfunctionswereattachedtothis
smallerpeptide.











0.5 M O-Benzotriazol-l-yl-N,N,N'-tetramethyluramum hexafluorophosphate
(HBTU) in DMF toa cartridgecontaining2mmolof Bocprotectedresidue.Theamino






thesynthesiscontainedapproximately300mgof Boc aminoacidPAM resin(PAM
resin=OCHzphenylacetamidomethyl--copoly(styrene-1% divinylbenzene).Theresin





. After GIn residuesvariousstepswereimplementedtopreventinternalcyclization
of thisaminoacidtopyrollidonecarboxylicacid(PCA or pGlu).Whenmixed
DMF andTFA produceheat.Thissmallamountof energyis sufficienttoinduce
GIn cyclization.Therefore,washesof Dichloromethanewere implemented
betweenthesestepstopreventhisexothermicreaction.
Theresinwiththeattachedpeptidewasplacedin thehydrogenfluoride(HF) reactor
vesselfor cleavage.500).lLof p-cresolwasaddedto thevessel,andthevesselwas
submergedin themethanol/dryicemixtureandaddedto theclosedHF system.The
vacuumpumpwasturnedonandtheclosedsystemwasmonitoredforanychangesin
pressure.10mlof HF wasthendistilledto thereactionvesselandisolated.Thisvessel
wasallowedto reactfor onehouratODC.After this,thepumpwasturnedonandtheHF
wasslowlyevacuated(10-15min).Thevesselwasremovedcarefullyandfilledwith
approximately35mlof ether.Thismixturewasthenfilteredutilizingateflanfilterand





detectormodel486.A wavelengthof 220nmwasusedfor all samples.SolventA
normallycontained10%CH3CN/0.1% TFA in distilledwater,andsolventB contained
0.1% TFA in CH3CN.A lineargradientwasemployedin increasingpercentageof B,
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normallya0 to 100%Bin 2 hours.A silicabasedC 4 orC18column(5Jlparticlesize,
300'poresize)wasusedforallpurifications.Themass pectrometerwasusedtoidentify
peptidesproducedandalsoto checkpurity.The instrumentsandconditionswere:
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As discussedpreviouslytheinitialprodrugswerepreparedon a shortenedpeptide
resemeblingtheGLP (7-15)peptidesequence.Thestructureofthispeptideis
PPHAEGTFTSD.




















































The peak at 1158representsthe desiredpeptide.We also observedthe +2 charged
peptideat580units.
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of DKP fonnationandregenerationf theGLP nonapeptide,theGP-extendedpeptide
wasstoredin PBS bufferforapproximatelytwodays.As reportedpreviouslywiththe
PP-extendedpeptidenoapparentcleavagewasseen.
































































The peak at 1093.5units representsthecorrectpeptide.




In theleftdiagramis thechromatogramfor GLP (7-15)with thepeakat9.987minutes.
In therightdiagramis thechromatogramforyGluGLP (7-15)withthepeakat11.047
minutes.Inboththecasesweobserveanotherpeakat14minforcresol.Thiswasproven
in acontrolexperiment.Weverifiedtheintegrityoftheresultsbyrunningbothpeptides
togetherandobservingthetwo respectivepeaksat 9.3 min and 11.12min. This
conclusivelyprovesthatwehavebeenabletoseparatehepeptides.
As discussedpreviouslyweexploredtheregenerationftheparentGLP-l (7-15)peptide
withyGlu,GLP (7-15)byHPLC. Wefocusedonthetwopeaksof interestat9 and11
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Cleavageof H4PhtGLP 7-15: TheH4Pht,GLP (7-15)wasstoredinPBSbuffer
forapproximatelyseventy-twoh ursat37degreestoexamineH4Phtremoval.Weshould
essentiallygettwopeaksat6 and8 minrespectively.As thedissociationi creases,the
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Discussionof theResults: We foundthat the PPHAEGTFTSD and the





advantageis thatwe areusingnaturalaminoacidshere.But thecleavagedoesnot
happen.ThisreactiondoesnotreadilyoccuratpH 7.2asatthispHtheprimaryamineis
partiallyprotonatedanditsnucleophiliccharacterwouldbereduced.




7-15is designatedby 'a' andthatof anadductis designatedby 'b', thenthecleavageata
certaintimeisdeterminedbyusingtheformula:
% of cleavage=aJa+b
In thisformula,it is assumedthattheconcentrationf GLP 7-15whenthereactionis
completewill bethesameastheconcentrationf theadductatthebeginningof the
reaction.Thisassumption,thoughnotnecessarilycorrectisprobablyreasonable.
By usingthisformula,it wasdeterminedthat% of cleavagefor theyGluGLP (7-15)
peptide,wasasfollows:
a) after36hours@ 37°C: 20%(17%and27%intwodifferentsets)
b) after168hours@ 37°C: 31%(30%and32%intwodifferentsets)
c) after2hours@ 100°C: 36.7%







a) At 0min @ 37°C: 0%cleavage
32
b) At 4.5hours@ 37°C: 9%cleavage
c) At 13.5hours@ 37°C: 18%cleavage
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